a2 United States Patent

Abraham et al.

US009137766B2

US 9,137,766 B2
Sep. 15, 2015

(10) Patent No.:
(45) Date of Patent:

(54) SYSTEMS AND METHODS FOR (56) References Cited
SYNCHRONIZATION OF WIRELESS
DEVICES IN A PEER-TO-PEER NETWORK U.S. PATENT DOCUMENTS
s . 6,633,590 B1* 10/2003 Garofalo etal. .............. 370/507
(71)  Applicant: QUALCOMM Incorporated, San 7,480,315 B2*  1/2009 Virdietal ..cooocevvne.. 370/509
Diego, CA (US) 8,213,405 B2 7/2012 Horn et al.
2001/0022823 Al* 9/2001 Renaud ........cccooeoveeene 375/359
(72) Inventors: Santosh Paul Abraham, San Diego, CA 2004/0047307 Al* 3/2004 Yoonetal ... 370/324
(US); George Cherian, San Diego, CA 2007/0293218 Al  12/2007 Meylan et al.
; g ’ 2011/0141965 Al 6/2011 Kasslin et al.
(US); Yan Zhou, San Diego, CA (US) 2012/0328061 Al 122012 Chow
(73) Assignee: QUALCOMM Incorporated, San OTHER PUBLICATIONS
Diego, CA (US) . - .
Chen S., et al., “Time Synchronization for Predictable and Secure
(*) Notice: Subject to any disclaimer, the term of this Data. Collection in Wireless Se.nsor Networks,” The Sixth Annual
patent is extended or adjusted under 35 Mediterranean Ad Hoc Networking WorkShop, Jun. 12-15, 2007, pp.
U.S.C. 154(b) by 94 days. 165-172.
(21)  Appl. No.: 14/024,461 * cited by examiner
(22) Filed: Sep. 11, 2013 Primary Examiner — Hassan Kizzou
Assistant Examiner — Ashil Farahmand
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Knobbe Martens Olson &
US 2014/0119357 A1 May 1,2014 Bear LLP
57 ABSTRACT
Related U.S. Application Data Methc.)ds,.devices., and computer program products for syn-
o o chronization of wireless devices in a peer-to-peer network are
(60)  Provisional application No. 61/718,882, filed on Oct. described herein. In one aspect, a method for synchronizing a
26, 2012, provisional application No. 61/723,277, wireless communication apparatus is provided. The method
filed on Nov. 6, 2012. includes receiving, at the wireless communication apparatus,
one or more messages including one or more received time
(51)  Int.Cl. values. The method further includes updating a time value of
Ho4W 56/00 (2009.01) a clock signal of the wireless communication apparatus to a
(52) US.CL value derived from the received time values in response to
CPC v, HO04W 56/001 (2013.01) determining that a magnitude of a difference between the time
(58) Field of Classification Search value and the derived time value is greater than a threshold.
CPC . HO04W 56/001-56/002

See application file for complete search history.

16 Claims, 19 Drawing Sheets

500
’/-

502

Receive one or more messages

including one or more received time
values

i 504
Determine a maximum time value
of at least a portion of the one or
motre received time values

l 506
Update a current time value to a
value derived from the received
time values in response to
determining that a magnitude of the
difference between the current time
value and the maximum received
time value is greater than a
threshold




U.S. Patent Sep. 15, 2015 Sheet 1 of 19 US 9,137,766 B2

FIG. 1A



U.S. Patent Sep. 15, 2015 Sheet 2 of 19 US 9,137,766 B2




US 9,137,766 B2

Sheet 3 0f 19

Sep. 15, 2015

U.S. Patent

JOVAHILNI ¥3SN
- 22z’
M0010
> ¥010313a TYNOIS
80¢~ vee —
A — 812
“ "
i NENNEEN " AHOWAW
g i 90z
1 1
1 1
m YALLINSNVYL _ (S)LINN
L “ ¥0SS3004d
e —— | poz”
riz 702
—_ 30IA3A SSTTIHIM




U.S. Patent Sep. 15, 2015 Sheet 4 of 19 US 9,137,766 B2
300a
- 302a e 304a
Discovery Interval (DI) Paging Interval (PI) DI
| | | | | |
| 3083 J 3083’ I |
<+“—AA—> 310a ~ <«——AB—

AC

<
|

FIG. 3A

v



US 9,137,766 B2

Sheet 5 0f 19

Sep. 15, 2015

U.S. Patent

O3[BTS .

Jonnd speidinom 4
K BuBessom

YD MO0} BI2IYIR

AT 4004

SN0 LRAISE) MRS

.

200¢

o |oze

. Suynp on ayes k

»

VLR BARE

Janed oyziotdioon 3

Aepy ~BuBesso
Ut FABEIOY RRoed

—x

jos :
0 Alpa0siq sieniong

anes samog |

q00¢

TR

S1

{ usmisounouuy wous puss

qa90¢



U.S. Patent Sep. 15, 2015

408 ~

410 ~

Sheet 6 of 19 US 9,137,766 B2

400

v

412 ~

Discovery Packet
Header

Time Value for
Synchronization

Discovery Packet Data

FIG. 4A



U.S. Patent Sep. 15, 2015 Sheet 7 of 19 US 9,137,766 B2

’/- 400b
402b
repare sync frame for y ~404b
transmission during discovery s Prepare a Sync Frame for

interval based on probability
P_sync?

transmission during DI

\ ~406b
Begin contention procedure for
~418b transmitting the Sync Frame during
Update STA time based on the discovery interval

received time values

408b
/- 416

8ync Frame received frorr

Transmit the prepared | No another STA during the

Sync Frame discovery interval?
Yes
4100
Cancel sync frame
transmission
412b
~414b
Update STA time y s received time
using received time &S stamp > current STA
stamp time stamp?

FIG. 4B



U.S. Patent Sep. 15, 2015 Sheet 8 of 19 US 9,137,766 B2

/- 400c
repare sync frame for 402¢
transmission during discovery
interval based on probability
P_sync?
r 404c
Prepare sync frame and begin contention procedure for
transmitting the Sync Frame during the discovery interval
416¢c
> 4 _~
. 06 Transmit the
received from repared Svne
another STA during P pF Y
the DI? reme

~ 408¢
412

s received time
stamp > current STA
time stamp?

Is RSSI >
Threshold?

Yes
 410c A
Update STA time Cancel sync
using received time frame
stamp fransmission

FIG. 4C



U.S. Patent Sep. 15, 2015 Sheet 9 of 19 US 9,137,766 B2

500
/-

502

Receive one or more messages
including one or more received time
values

Determine a maximum time value

of at least a portion of the one or
more received time values

\ 506
Update a current time value to a
value derived from the received

time values in response to
determining that a magnitude of the
difference between the current time
value and the maximum received
time value is greater than a
threshold

FIG. 5



U.S. Patent Sep. 15, 2015 Sheet 10 of 19 US 9,137,766 B2

//600
s 602 e 604
Receiving Module Determining Module

r 606

Updating Module

FIG. 6



U.S. Patent Sep. 15, 2015 Sheet 11 of 19 US 9,137,766 B2

700
/-

702

Receive one or more messages
including one or more received time
values

, 704

Determine a maximum time value
of at least a portion of the one or
more received time values

, ~ 706
Determine an amount of clock drift
based on the current time value as
compared to the maximum time
value

i f 708

Update the current time value to a

value derived from the one or more

received time values if a magnitude

of the difference between the
current time value and the

maximum received time value is
greater than a threshold and the
clock drift is less than a threshold

FIG. 7



U.S. Patent Sep. 15, 2015 Sheet 12 of 19 US 9,137,766 B2

//800
e 802 s 804
Receiving Module Determining Module
/806 /808

Drift Determining
Module

Updating Module

FIG. 8



U.S. Patent Sep. 15, 2015 Sheet 13 of 19 US 9,137,766 B2

900
/'

902

Receive one or more messages
including one or more received time
values

i 904

Filter out one or more of the
received time values

, 906

Determine a maximum time value
of the filtered received time values

, 908

Update a current time value to a
value derived from the received
time values if a magnitude of the
difference between the current time
value and the maximum received
time value is greater than a
threshold

FIG. 9



U.S. Patent Sep. 15, 2015 Sheet 14 of 19 US 9,137,766 B2

1000
/‘

Receive one or more messages
including one or more received time
values and information about the
one or more received time values

Filter out one or more of the
received clocked values based on
the information received about the
one or more received time values

(5]

Y K?OO

Determine a maximum time value
of the filtered received time values

\ 1008
Update a current time value to a
value derived from the received
time values if a magnitude of the

difference between the current time
value and the maximum received

time value is greater than a
threshold

FIG. 10




U.S. Patent Sep. 15, 2015 Sheet 15 of 19 US 9,137,766 B2

1100
f1 102 /1 104
Receiving Module Determining Module
/1 106 /1108
Updating Module Filtering Module

FIG. 11



U.S. Patent

Sep. 15, 2015 Sheet 16 of 19

1202

Determine a first time interval since
last transmitting a message
including a current time value

, 1204

Determine a second time interval
since updating the current time
value

, 1206

Transmitting a message including
content that is based on comparing
the first time interval to a first
threshold and comparing the
second time interval to a second
threshold

FIG. 12

US 9,137,766 B2

1200
/-



U.S. Patent Sep. 15, 2015 Sheet 17 of 19 US 9,137,766 B2

1300

1308\ 1310\ 1310\ 1312\
Discovery .
Packet Time Value Time Val'ue Discovery Packet Data
Information
Header

FIG. 13



U.S. Patent Sep. 15, 2015 Sheet 18 of 19 US 9,137,766 B2

1400
/1402 /1404
Transmitting Module Determining Module

FIG. 14



US 9,137,766 B2

Sheet 19 of 19

Sep. 15, 2015

U.S. Patent

Gl Old

(s) upf o1 sy

1| 0’} =Q0id BWel4 JUAG — m m m
L] G0 = goid Swelq JUAS e " : :
|| T°0 = 40Id BBl 4 QUAS mmmme

Lo 03 90ha0 MaN JoL sWiL Jo 4aD

L

]

—_—————

1¢0

1¢€0

170

|
L)
Q

1920

1
[
L)

180




US 9,137,766 B2

1
SYSTEMS AND METHODS FOR
SYNCHRONIZATION OF WIRELESS
DEVICES IN A PEER-TO-PEER NETWORK

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

The present application for patent claims priority to Provi-
sional Application No. 61/718,882 entitled “SYSTEMS
AND METHODS FOR SYNCHRONIZATION OF WIRE-
LESS DEVICES IN A PEER-TO-PEER NETWORK” filed
Oct. 26, 2012, and assigned to the assignee hereof and hereby
expressly incorporated by reference herein. The present
application for patent further claims priority to Provisional
Application No. 61/723,277 entitled “SYSTEMS AND
METHODS FOR SYNCHRONIZATION OF WIRELESS
DEVICES IN A PEER-TO-PEER NETWORK” filed Nov. 6,
2012, and assigned to the assignee hereof and hereby
expressly incorporated by reference herein.

BACKGROUND

1. Field

The present application relates generally to wireless com-
munications, and more specifically to systems, methods, and
devices for synchronization of wireless devices in a peer-to-
peer wireless network.

2. Background

In many telecommunication systems, communications
networks are used to exchange messages among several inter-
acting spatially-separated devices. Networks may be classi-
fied according to geographic scope, which could be, for
example, a metropolitan area, a local area, or a personal area.
Such networks would be designated respectively as a wide
area network (WAN), metropolitan area network (MAN),
local area network (LAN), wireless local area network
(WLAN), or personal area network (PAN). Networks also
differ according to the switching/routing technique used to
interconnect the various network nodes and devices (e.g.
circuit switching vs. packet switching), the type of physical
media employed for transmission (e.g. wired vs. wireless),
and the set of communication protocols used (e.g. Internet
protocol suite, SONET (Synchronous Optical Networking),
Ethernet, etc.).

Wireless networks are often preferred when the network
elements are mobile and thus have dynamic connectivity
needs, or if the network architecture is formed in an ad hoc,
rather than fixed, topology. Wireless networks employ intan-
gible physical media in an unguided propagation mode using
electromagnetic waves in the radio, microwave, infra-red,
optical, etc. frequency bands. Wireless networks advanta-
geously facilitate user mobility and rapid field deployment
when compared to fixed wired networks.

Devices in a wireless network may transmit and/or receive
information to and from each other. To carry out various
communications, the devices may need to coordinate accord-
ing to a protocol. As such, devices may exchange information
to coordinate their activities. Improved systems, methods,
and devices for coordinating transmitting and sending com-
munications within a wireless network are desired.

SUMMARY

The systems, methods, devices, and computer program
products discussed herein each have several aspects, no single
one of which is solely responsible for its desirable attributes.
Without limiting the scope of this invention as expressed by
the claims which follow, some features are discussed briefly
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2

below. After considering this discussion, and particularly
after reading the section entitled “Detailed Description,” it
will be understood how advantageous features of this inven-
tion include reduced power consumption when introducing
devices on a medium.

One aspect of the disclosure provides a method for syn-
chronizing a wireless communication apparatus. The method
includes receiving, at the wireless communication apparatus,
one or more messages including one or more received time
values. The method further includes updating a time value of
a clock signal of the wireless communication apparatus to a
value derived from the received time values in response to
determining that a magnitude of'a difference between the time
value and the derived time value is greater than a threshold.

Another aspect of the disclosure provides a method of
wireless communication. The method includes determining,
at a wireless communication apparatus, a first time interval
since transmitting a message including a time value of a clock
signal of the wireless communication apparatus. The method
further includes determining, at the wireless communication
apparatus, a second time interval since updating the time
value of the wireless communication apparatus. The method
further includes transmitting a message comprising content
that is based on comparing the first time interval to a first
threshold and comparing the second time interval to a second
threshold.

Another aspect of the disclosure provides a method for
synchronizing a wireless communication apparatus. The
method includes selectively preparing a synchronization
message for transmission during a discovery time interval of
a discovery time period based on a probability value corre-
sponding to a frequency for preparing the synchronization
message over a plurality of discovery time periods. The syn-
chronization message includes a first timestamp of the wire-
less communication apparatus. The method further includes
initiating a contention based process for transmitting the syn-
chronization message in response to preparing the synchro-
nization message. The method further includes selectively
updating a time value of the wireless communication appa-
ratus in response to receiving one or more received synchro-
nization messages from other wireless communication appa-
ratuses during the discovery interval. The one or more
received synchronization messages include one or more
received timestamps of the other wireless communication
apparatuses. Updating the time value including updating
based on one or more criteria and the received timestamps.
The method further includes transmitting the synchronization
message in response to determining an absence any received
synchronization messages during the discovery interval.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates an example of a wireless communica-
tion system in which aspects of the present disclosure may be
employed.

FIG. 1B illustrates another example of a wireless commu-
nication system in which aspects of the present disclosure
may be employed.

FIG. 2 illustrates a functional block diagram of a wireless
device that may be employed within the wireless communi-
cation system of FIG. 1.

FIG. 3A illustrates an exemplary communication timeline
in a wireless communication system in accordance with
aspects of the present disclosure.

FIG. 3B is a flowchart of an exemplary process of discov-
ering devices in a wireless communication system in accor-
dance with aspects of the present disclosure.
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FIG. 3¢ is a flowchart of an exemplary process of querying
devices in a wireless communication system in accordance
with aspects of the present disclosure.

FIG. 4A illustrates a message that may include a time value
for synchronization.

FIG. 4B is a flowchart of a method for transmitting and
receiving a synchronization frame in accordance with an
embodiment.

FIG. 4C is a flowchart of a method for synchronization that
is based on a received signal strength indication.

FIG. 5 is a flowchart of a method of synchronizing a wire-
less communications apparatus, in accordance with an
embodiment.

FIG. 6 is a functional block diagram of an exemplary
wireless communication apparatus that may be employed
with the wireless communication system of FIG. 1A or FIG.
1B.

FIG. 7 is a flowchart of another method of synchronizing a
wireless communications apparatus, in accordance with an
embodiment.

FIG. 8 is a functional block diagram of an exemplary
wireless communication apparatus that may be employed
with the wireless communication system of FIG. 1A or FIG.
1B.

FIG. 9 is a flowchart of another method of synchronizing a
wireless communications apparatus, in accordance with an
embodiment.

FIG. 10 is a flowchart of another method of synchronizing
a wireless communications apparatus, in accordance with an
embodiment.

FIG. 11 is a functional block diagram of an exemplary
wireless communication apparatus that may be employed
with the wireless communication system of FIG. 1A or FIG.
1B.

FIG. 12 is a flowchart of another method of synchronizing
a wireless communications apparatus, in accordance with an
embodiment.

FIG. 13 illustrates a message that may include a time value
for synchronization.

FIG. 14 is a functional block diagram of an exemplary
wireless communication apparatus that may be employed
with the wireless communication system of FIG. 1A or FIG.
1B.

FIG. 15 is a plot showing exemplary values for how much
time may be needed to join a NAN network based on different
sync frame probabilities.

DETAILED DESCRIPTION

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration” Any embodiment
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other embodiments.
Various aspects of the novel systems, apparatuses, and meth-
ods are described more fully hereinafter with reference to the
accompanying drawings. This disclosure may, however, be
embodied in many different forms and should not be con-
strued as limited to any specific structure or function pre-
sented throughout this disclosure. Rather, these aspects are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the disclosure to
those skilled in the art. Based on the teachings herein one
skilled in the art should appreciate that the scope of the
disclosure is intended to cover any aspect of the novel sys-
tems, apparatuses, and methods disclosed herein, whether
implemented independently of, or combined with, any other
aspect of the invention. For example, an apparatus may be
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implemented or a method may be practiced using any number
of the aspects set forth herein. In addition, the scope of the
invention is intended to cover such an apparatus or method
which is practiced using other structure, functionality, or
structure and functionality in addition to or other than the
various aspects of the invention set forth herein. It should be
understood that any aspect disclosed herein may be embodied
by one or more elements of a claim.

Although particular aspects are described herein, many
variations and permutations of these aspects fall within the
scope of the disclosure. Although some benefits and advan-
tages of the preferred aspects are mentioned, the scope of the
disclosure is not intended to be limited to particular benefits,
uses, or objectives. Rather, aspects of the disclosure are
intended to be broadly applicable to different wireless tech-
nologies, system configurations, networks, and transmission
protocols, some of which are illustrated by way of example in
the figures and in the following description of the preferred
aspects. The detailed description and drawings are merely
illustrative of the disclosure rather than limiting, the scope of
the disclosure being defined by the appended claims and
equivalents thereof.

Wireless network technologies may include various types
of wireless local area networks (WLANs). A WLAN may be
used to interconnect nearby devices together, employing
widely used networking protocols. However, the various
aspects described herein may apply to any communication
standard, such as a wireless protocol.

In some implementations, a WLAN includes various
devices which are the components that access the wireless
network. For example, there may be two types of devices:
access points (“APs”) and clients (also referred to as stations,
or “STAs”). In general, an AP may serve as a hub or base
station for the WLAN and a STA serves as a user of the
WLAN. For example, a STA may be a laptop computer, a
personal digital assistant (PDA), a mobile phone, etc. In an
example, a STA connects to an AP via a WiFi (e.g., IEEE
802.11 protocol) compliant wireless link to obtain general
connectivity to the Internet or to other wide area networks. In
some implementations a STA may also be used as an AP.

An access point (“AP”) may also comprise, be imple-
mented as, or known as a NodeB, Radio Network Controller
(“RNC”), eNodeB, Base Station Controller (“BSC”), Base
Transceiver Station (“BTS”), Base Station (“BS”), Trans-
ceiver Function (“TF”), Radio Router, Radio Transceiver, or
some other terminology.

A station “STA” may also comprise, be implemented as, or
known as an access terminal (“AT”), a subscriber station, a
subscriber unit, a mobile station, a remote station, a remote
terminal, a user terminal, a user agent, a user device, user
equipment, or some other terminology. In some implementa-
tions an access terminal may comprise a cellular telephone, a
cordless telephone, a Session Initiation Protocol (“SIP”)
phone, a wireless local loop (“WLL”) station, a personal
digital assistant (“PDA”), a handheld device having wireless
connection capability, or some other suitable processing
device or wireless device connected to a wireless modem.
Accordingly, one or more aspects taught herein may be incor-
porated into a phone (e.g., a cellular phone or smartphone), a
computer (e.g., alaptop), a portable communication device, a
headset, a portable computing device (e.g., a personal data
assistant), an entertainment device (e.g., a music or video
device, or a satellite radio), a gaming device or system, a
global positioning system device, or any other suitable device
that is configured to communicate via a wireless medium.

FIG. 1A illustrates an example of a wireless communica-
tion system 100 in which aspects of the present disclosure
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may be employed. The wireless communication system 100
may operate pursuant to a wireless standard, such as an
802.11 standard. The wireless communication system 100
may include an AP 104, which communicates with STAs. In
some aspects, the wireless communication system 100 may
include more than one AP. Additionally, the STAs may com-
municate with other STAs. As an example, a first STA 1064
may communicate with a second STA 1065. As another
example, a first STA 106a may communicate with a third STA
106¢ although this communication link is not illustrated in
FIG. 1A.

A variety of processes and methods may be used for trans-
missions in the wireless communication system 100 between
the AP 104 and the STAs and between an individual STA,
such as the first STA 1064, and another individual STA, such
as the second STA 1065. For example, signals may be sent
and received in accordance with OFDM/OFDMA tech-
niques. If'this is the case, the wireless communication system
100 may be referred to as an OFDM/OFDMA system. Alter-
natively, signals may be sent and received between the AP 104
and the STAs and between an individual STA, such as the first
STA 1064, and another individual STA, such as the second
STA 1065, in accordance with CDMA techniques. If this is
the case, the wireless communication system 100 may be
referred to as a CDMA system.

A communication link that facilitates transmission from
the AP 104 to one or more of the STAs may be referred to as
a downlink (DL) 108, and a communication link that facili-
tates transmission from one or more of the STAs to the AP 104
may be referred to as an uplink (UL) 110. Alternatively, a
downlink 108 may be referred to as a forward link or a
forward channel, and an uplink 110 may be referred to as a
reverse link or a reverse channel.

A communication link may be established between STAs.
Some possible communication links between STAs are illus-
trated in FIG. 1A. As an example, a communication link 112
may facilitate transmission from the first STA 106a to the
second STA 1065. Another communication link 114 may
facilitate transmission from the second STA 1065 to the first
STA 106a.

The AP 104 may act as a base station and provide wireless
communication coverage in a basic service area (BSA) 102.
The AP 104 along with the STAs associated with the AP 104
and thatuse the AP 104 for communication may be referred to
as a basic service set (BSS).

It should be noted that the wireless communication system
100 may not have a central AP 104, but rather may function as
a peer-to-peer network between the STAs. Accordingly, the
functions ofthe AP 104 described herein may alternatively be
performed by one or more of the STAs.

FIG. 1B illustrates an example of a wireless communica-
tion system 100 that may function as a peer-to-peer network,
in which aspects of the present disclosure may be employed.
For example, the wireless communication system 100 shown
in FIG. 1B shows STAs, 1065, 106¢, 1064, and 106¢ that may
communicate with each other without the presence of an AP.
As such, the STAs, 1065, 106¢, 1064, and 106e may be
configured to communicate in different ways to coordinate
transmission and reception of messages to prevent interfer-
ence and accomplish various tasks. In one aspect, the network
shown in FIG. 1A or 1B may configured as a “near-me are
network” (NAN). In one aspect, a NAN may refer to a net-
work for communication between STAs that are located in
close proximity to each other. In some cases the STAs oper-
ating within the NAN may belong to different network struc-
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tures (e.g., STAs in different homes or buildings as part of
independent LANs with different external network connec-
tions).

FIG. 2 illustrates various components that may be utilized
in a wireless device 202 that may be employed within the
wireless communication system 100. The wireless device 202
is an example of'a device that may be configured to implement
the various methods described herein. For example, the wire-
less device 202 may comprise the AP 104 or one of the STAs.

The wireless device 202 may include a processor 204
which controls operation of the wireless device 202. The
processor 204 may also be referred to as a central processing
unit (CPU). Memory 206, which may include both read-only
memory (ROM) and random access memory (RAM), may
provide instructions and data to the processor 204. A portion
of the memory 206 may also include non-volatile random
access memory (NVRAM). The processor 204 typically per-
forms logical and arithmetic operations based on program
instructions stored within the memory 206. The instructions
in the memory 206 may be executable to implement the
methods described herein.

The processor 204 may comprise or be a component of a
processing system implemented with one or more processors.
The one or more processors may be implemented with any
combination of general-purpose microprocessors, microcon-
trollers, digital signal processors (DSPs), field programmable
gate array (FPGAs), programmable logic devices (PLDs),
controllers, state machines, gated logic, discrete hardware
components, dedicated hardware finite state machines, or any
other suitable entities that can perform calculations or other
manipulations of information.

The processing system may also include machine-readable
media for storing software. Software shall be construed
broadly to mean any type of instructions, whether referred to
as software, firmware, middleware, microcode, hardware
description language, or otherwise. Instructions may include
code (e.g., in source code format, binary code format, execut-
able code format, or any other suitable format of code). The
instructions, when executed by the one or more processors,
cause the processing system to perform the various functions
described herein. In addition, the wireless device 202 may
include a clock 224 configured to generate a clock signal that
is used to coordinate and synchronize activities of the wire-
less device 202. In some configurations, the processor 204
may include the clock 224. The processor 204 may be con-
figured to update the clock with a time value to allow for
synchronization with other wireless devices.

The wireless device 202 may also include a housing 208
that may include a transmitter 210 and/or a receiver 212 to
allow transmission and reception of data between the wireless
device 202 and a remote location. The transmitter 210 and
receiver 212 may be combined into a transceiver 214. An
antenna 216 may be attached to the housing 208 and electri-
cally coupled to the transceiver 214. The wireless device 202
may also include (not shown) multiple transmitters, multiple
receivers, multiple transceivers, and/or multiple antennas.

The transmitter 210 may be configured to wirelessly trans-
mit packets having different packet types or functions. For
example, the transmitter 210 may be configured to transmit
packets of different types generated by the processor 204.
When the wireless device 202 is implemented or used as an
AP 104 or STA 106, the processor 204 may be configured to
process packets of a plurality of different packet types. For
example, the processor 204 may be configured to determine
the type of packet and to process the packet and/or fields of the
packet accordingly. When the wireless device 202 is imple-
mented or used as an AP 104, the processor 204 may also be
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configured to select and generate one of a plurality of packet
types. For example, the processor 204 may be configured to
generate a discovery packet comprising a discovery message
and to determine what type of packet information to use in a
particular instance.

The receiver 212 may be configured to wirelessly receive
packets having different packet types. In some aspects, the
receiver 212 may be configured to detect a type of a packet
used and to process the packet accordingly.

The wireless device 202 may also include a signal detector
218 that may be used in an effort to detect and quantify the
level of signals received by the transceiver 214. The signal
detector 218 may detect such signals as total energy, energy
per subcarrier per symbol, power spectral density and other
signals. The wireless device 202 may also include a digital
signal processor (DSP) 220 for use in processing signals. The
DSP 220 may be configured to generate a packet for trans-
mission. In some aspects, the packet may comprise a physical
layer data unit (PPDU).

The wireless device 202 may further comprise a user inter-
face 222 in some aspects. The user interface 222 may com-
prise a keypad, a microphone, a speaker, and/or a display. The
user interface 222 may include any element or component
that conveys information to a user of the wireless device 202
and/or receives input from the user.

The various components of the wireless device 202 may be
coupled together by a bus system 226. The bus system 226
may include a data bus, for example, as well as a power bus,
a control signal bus, and a status signal bus in addition to the
data bus. The components of the wireless device 202 may be
coupled together or accept or provide inputs to each other
using some other mechanism.

Although a number of separate components are illustrated
in FI1G. 2, one or more of the components may be combined or
commonly implemented. For example, the processor 204
may be used to implement not only the functionality
described above with respect to the processor 204, but also to
implement the functionality described above with respect to
the signal detector 218 and/or the DSP 220. Further, each of
the components illustrated in FIG. 2 may be implemented
using a plurality of separate elements.

Devices, such as a group of STAs, 1065, 106¢, 1064, and
106e shown in FIG. 1B, for example, may be used for neigh-
borhood aware networking, or social-WiFi networking. For
example, various stations within the network may communi-
cate on a device to device (e.g., peer-to-peer communica-
tions) basis with one another regarding applications that each
of'the stations supports. A discovery protocol may be used in
asocial-WiFinetwork to enable STAs to advertise themselves
(e.g., by sending discovery packets) as well as discover ser-
vices provided by other STAs (e.g., by sending paging or
query packets), while ensuring secure communication and
low power consumption. Furthermore, atleast a portion of the
discovery protocol may be related to coordinating and/or
synchronizing activities of the STAs. It should be noted that a
discovery packet may also be referred to as a discovery mes-
sage or a discovery frame. It should also be noted that a
paging or query packet may also be referred to as a paging or
query message or a paging or query frame.

Furthermore, to ensure proper communication between
multiple STAs, STAs may require information regarding
characteristics of other STAs. For example, the STA 106 may
require timing information about the AP 104 in order to
synchronize timing of communication between the STA 106
and the AP 104. Additionally or alternatively, the STA 106
may require other information such as a medium access con-
trol (MAC) address of the AP 104 or another STA, an identi-
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8
fier of the basic service set (BSS) served by the AP 104, etc.
The STA 106 may determine whether it needs such informa-
tion independently, such as through software that is executed
using memory 206 and processor 204.

The AP 104 or STA 106 may have a plurality of operational
modes. For example, the STA 106 may have a first operational
mode referred to as an active mode, normal operation mode,
or full power mode. In the active mode, the STA 106 may
always be in an “awake” state and actively transmit/receive
data with another STA 106. Further, the STA 106 may have a
second operational mode referred to as a power-save mode or
sleep mode. In the power-save mode, the STA 106 may be in
the “awake” state or may be in a “doze” or “sleep” state where
the STA 106 does not actively transmit/receive data with
another STA 106. For example, the receiver 212 and possibly
DSP 220 and signal detector 218 of the STA 106 may operate
using reduced power consumption in the doze state. Further,
in the power-save mode, a STA 106 may occasionally enter
the awake state to listen to messages from an AP 104 or from
other STAs (e.g., paging messages) that indicate to the STA
106 whether or not the STA 106 needs to “wake up” (e.g.,
enter the awake state) at a certain time so as to be able to
transmit/receive data with the AP 104 or another STA.

FIG. 3A illustrates an exemplary communication timeline
300q in a wireless communication system where STAs may
communicate via one channel. In one aspect, the communi-
cation according to the timeline shown in FIG. 3A may be
used in a peer-to-peer wireless network, such as the network
shown in FIG. 1B. The exemplary communication timeline
300a may include a discovery interval (DI) 302a of a time
duration AA 306a, a paging interval (PI) 304a of a time
duration AB 308a, and an overall interval of a time duration
AC 310q. In some aspects, communications may occur via
other channels as well. Time increases horizontally across the
page over the time axis.

During the DI 3024, APs or STAs may advertise services
through broadcast messages such as discovery packets. APs
or STAs may listen to broadcast messages transmitted by
other APs or STAs. In some aspects, the duration of DIs may
vary over time. In other aspects, the duration of the DI may
remain fixed over a period of time. The end of the DI 302«
may be separated from the beginning of the subsequent PI
304a by a first remainder period of time as illustrated in FIG.
3a. The end of the PI 3044 may be separated from the begin-
ning of a subsequent DI by a different remainder period of
time as illustrated in FIG. 3A. However, different combina-
tions of remainder time periods are contemplated.

During the PI 3044, APs or STAs may indicate interest in
one or more of a plurality of services advertised in a broadcast
message by transmitting paging request messages such as
paging request packets. APs or STAs may listen to paging
request messages transmitted by other APs or STAs. In some
aspects, the duration of the PI may vary over time. In other
aspects, the duration of the PI may remain constant over a
period oftime. In some aspects, the duration of the PI may be
less than the duration of the DI.

The overall interval of duration AC 310a may measure the
period of time from the beginning of one DI to the beginning
of'a subsequent DI as illustrated in FIG. 3a. In some aspects,
the duration of the overall interval may vary over time. In
other aspects, the duration of the overall interval may remain
constant over a period of time. At the conclusion of the overall
interval of duration AC 310qa, another overall interval may
begin, including a DI, a PI, and the remainder intervals. Con-
secutive overall intervals may follow indefinitely or continue
for a fixed period of time.
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A STA may enter a sleep or power-save mode when the
STA is not transmitting or listening or is not expecting to
transmit or listen. As an example, the STA may sleep during
periods other than the DI or P1. The STA in the sleep mode or
power-save mode may awake or return to normal operation or
full power mode at the beginning of the DI or PI to enable
transmission or listening by the STA. In some aspects, the
STA may awake or return to normal operation or full power
mode at other times when the STA expects to communicate
with another device, or as a result of receiving a notification
packet instructing the STA to awake. The STA may awake
early to ensure that the STA receives a transmission.

As described above, during the DI, APs or STAs may
transmit discovery packets (DPs). During the PI, APs or STAs
may transmit paging request packets (PRs). A DP may be a
packet configured to advertise a plurality of services provided
by a STA or AP and to indicate when the paging interval is for
the device that transmits the discovery packet. The DP may
include a data frame, management frame, or management
action frame. The DP may carry information generated by a
higher layer discovery protocol or an application based dis-
covery protocol. The PR may be a packet configured to indi-
cate interest in at least one of the plurality of services pro-
vided by an AP or STA.

The start and end of the DI and PI may be known via
numerous methods to each STA desiring to transmit a discov-
ery packet or a paging request packet. In some aspects, each
STA may synchronize its clock with the other APs or STAs
and set a shared DI and PI start time and DI duration and PI
duration. In other aspects, a device may send a signal such as
a special clear to send (S-CTS) signal to clear the medium of
legacy communications, such as communications that may
conflict or not be compliant with aspects of the present dis-
closure, and indicate the beginning and duration of the DI or
PI period, as well as additional information about the DI and
PI durations.

A STA potentially interested in services advertised via
discovery packets, such as from other STAs, may awaken or
remain awake during the DI and process discovery packets to
determine if a particular discovery packet includes informa-
tion about one or more of'a plurality of services that may be of
interest to the receiving STA. After the DI period, STAs not
planning to communicate information may enter a sleep or
power-save mode for a break period until the next time the
STAs plan to communicate. In some aspects, a STA may enter
the sleep or power-save mode until the STA may communi-
cate additional information with another device outside of the
DI or PI. In some aspects, the STA may enter the sleep or
power-save mode until the beginning of the next P1. At the
beginning of the P, the interested STA may awake to transmit
a paging request packet to the provider of the service.

A STA waiting for a response to a transmitted discovery
packet, such as discovery packets transmitted to other STAs,
may awaken or remain awake during the PI and process
paging request packets to determine if a particular paging
request packet indicates interest by another device in at least
one of plurality of services provided by the STA. After the PI
period, STAs not planning to communicate information may
enter a sleep or power-save mode for a break period until the
next time the STAs plan to communicate. In some aspects, a
STA may enter the sleep or power-save mode until the STA
may communicate additional information with another
device outside of the DI or PI. In some aspects, the STA may
enter the sleep or power-save mode until the beginning of the
next DI.

As examples, the duration AC of the overall interval may be
approximately one to five seconds. In other aspects, the over-
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all interval may be less than one second or more than five
seconds. The duration AA of the DI may equal approximately
16 milliseconds in some aspects while more or less than 16
milliseconds in other aspects. The duration AB of the PI may
equal approximately the duration AA in some aspects. In
other aspects, the duration AB may be more or less than the
duration AA.

FIG. 3B is a flowchart of an exemplary process 3005 of
discovering devices in a wireless communication system. The
process 3005 may be used to introduce two devices, such as
two STAs and 1065. For example, a STA may advertise infor-
mation about one or more of a plurality of services that may
be of interest to various other STAs to which the information
is directed. In some aspects, a service offered by a STA may
include a service offered by an application (e.g., a gaming
application, a shopping application, a social networking
application, etc.) that a user has downloaded or that is native
to the STA. For example, a user of the STA may want to invite
other users of the application to interact with the user via the
application. At block 3025, the STA may initiate transmission
of announcements. Each announcement may include a dis-
covery packet or message including the information relating
to the one or more services. At block 3045, the STA may wake
up from a power-save mode or sleep mode during a discovery
interval to send announcements to one or more STAs. At
block 3064, the STA may send one or more short announce-
ments regarding a particular service, such as “Jack’s Fruits,”
in order to facilitate discovery of the STA. The short
announcements may include a discovery packet or message.
The receiving STAs that are interested in the one or more
services advertised by the STA may respond with a paging
request (or query request) packet or message that indicates
interest in the service provided by the STA. Atblock 3085, the
STA may receive queries (e.g., a paging or query request) for
information on the particular service, such as “Jack’s Fruits.”
In response, at block 3105, the STA may send a response to
the queries. Follow on messaging between the STA and the
various querying STAs may occur. The STA and the various
STAs may enter power-save mode or sleep mode in the inter-
vals between the exchanges of messages between the STAs.
The receiving may be performed by receiver 212 or the trans-
ceiver 214, for example, and the transmitting may be per-
formed by the transmitter 210 or the transceiver 214, for
example.

FIG. 3C is a flowchart of an exemplary process 300¢ of
querying devices in a wireless communication system in
accordance with aspects of the present disclosure. At block
302¢, a STA may input a shopping list, which may include
various vendors that a user of the STA may have an interest in.
For example, a user may download a shopping list from the
Internet. Although the process 300c¢ is described with respect
to a shopping application, those having ordinary skill in the
art will appreciate that the process 300c applies to other
applications, such as gaming applications, social networking
applications, etc. Atblock 304¢, the STA may set up filters for
the shopping list. For example, a filter may be set up to allow
the STA to wake up from a power-save mode or sleep mode
only when a discovery packet or message is received for
particular vendors or applications. At block 306¢, the STA
may wake up during a discovery interval to listen to
announcements. Each announcement may include a discov-
ery packet or message including information relating to one
or more services offered by one or more other STAs. Atblock
308c¢, the STA may receive an announcement from a second
STA, such as a “Jack’s Fruits” announcement. The STA may
determine whether it is interested in one or more sets of
information related to the announcement and may respond
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with a paging request (or query request) packet or message
that indicates its interest in the information. For example, if
the STA is interested in a particular sale item offered by the
second STA, the STA may respond with a paging request (or
query request) packet or message. At block 310c, the STA
sends a query for more information relating to the announce-
ment, such as more information on Jack’s Fruits. At block
312c¢, the STA may receive a response to one or more queries
that the STA sent to other STAs regarding services offered by
the other STAs.

It is desirable for the STAs described above (e.g., using a
discovery protocol used in a social-WiFi network) to be able
to advertise themselves, as well as discover services provided
by other STAs, using a secure communication protocol and
while keeping power consumption low. For example, it is
desirable for a STA to advertise its offered services by
securely sending discovery packets or messages and for the
STA to discover services offered by other STAs by securely
sending paging or query packets or messages while avoiding
excess power consumption. For example in accordance with
certain embodiments, STAs may “sleep” a majority of a time
period and wake up for short discovery intervals as described
to decrease power consumption. There may be certain condi-
tions that allow the STAs to make use of short time intervals
to decrease power consumption while still effectively allow-
ing discovery and advertisement of services within the net-
work. For example, it is desirable that STAs that transmit
during the short time intervals “know” that intended receivers
are active to receive the transmitting messages. In addition, it
is further desirable that STAs that are searching for different
services advertised by another STA 106 activate their receiv-
ers at the appropriate time to receive messages advertising
services from other STAs. As such, certain embodiments
described herein are directed to synchronization between dif-
ferent STAs to allow for performing device discovery as
described above and for synchronization of other communi-
cations while allowing for reduced power consumption. For
example certain embodiments are directed to synchronization
sothat STAs are activated for transmitting and receiving at the
same time.

Furthermore, when STAs communicate without a central
coordinator, such as an AP 104, synchronization of commu-
nications between the STAs may be desirable. As just
described, if the STAs are not synchronized, the STAs may
not receive discovery messages within the discovery interval,
or be able to transmit paging requests within the correct
paging interval to be received by other STAs. Clock synchro-
nization therefore may provide a common reference time that
may be used to determine timing of communication intervals
such as the discovery interval 302a and the paging interval
304a. As each STA 106 operates independently of the other
STAs, each generating an individual clock signal, the clock
signals of the various STAs may become out of sync with each
other or with the AP 104. For example, ifa STA 106 is in a
“doze” state, its clock signal may drift and define a reference
time value that is faster or slower as compared to other clocks
signals of other STAs.

Certain aspects described herein are directed to devices and
methods for synchronization of clock signals of STAs oper-
ating in a peer-to-peer fashion. In some aspects, at least some
of'the STAs may transmit the current time value of their clock
signals to the other STAs. For example, in accordance with
certain embodiments, STAs may periodically transmit a
‘sync’ frame that carries a time stamp. The current time value
may correspond to a time-stamp value. For example, in one
embodiment, a discovery message as described above may
serve as the ‘sync’ frame and carry a current time value of a
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STA 106. In addition to the time stamp, the sync frame may
also include information regarding the discovery interval and
discovery period. For example, the sync frame may include
the schedule of the discovery interval and discovery period.
Upon receipt of a sync frame, a STA 106 that may be new to
the network may determine the time and the discovery inter-
val/discovery period schedule in the network. STAs already
communicating within the network may maintain synchroni-
zation while overcoming clock drift as described below.
Based on the sync message, STAs may enter and exit a net-
work (e.g., a NAN) without losing synchronization. Further-
more, the synchronization messages described herein may
allow for avoiding excessive power drain and the STAs in the
network may share the burden of messaging for synchroni-
zation. Furthermore, certain embodiments allow for a low
messaging overhead (e.g., as only a few devices may send
sync frames in every discovery period as will be described
below). Additionally, the use of sync messages may allow
each clock in the network to be continuously maintained in
synchronization with other clocks in the network. As
described above with reference to FIG. 3A, discovery packets
within a NAN are transmitted during a discovery interval
302a that occurs every discovery period. As such, sync mes-
sages may be sent during a discovery interval 302a for certain
discovery periods.

It should be appreciated that a STA 106 may not transmit a
sync frame every discovery interval. Rather, a probability
value (P_sync), as is further described below, may be used to
determine whether the STA 106 prepares and/or prepares a
sync frame. As such, while at least some sync frames are sent
for every discovery interval, not all the STAs participating in
the NAN transmit a sync frame in every discovery interval.
This may allow for reduced power consumption in transmit-
ting sync frames while still enabling synchronization, com-
pared to an alternative in which each STA transmits a syn-
chronization frame in each discovery interval.

FIG. 4A illustrates a message 400 that may include a time
value for synchronization. As described above, in some
embodiments, the message 400 may correspond to a discov-
ery message as described above. The message 400 may
include a discovery packet header 408. The message may
further include 410 a time value for synchronization 410. In
some embodiments, the time value 410 may be included in the
discovery packet header 408. The time value may correspond
to a current time value of a clock signal of the STA 106
transmitting the message 400. The message 400 may further
include discovery packet data 412. While FIG. 4A shows a
discovery message serving as the sync message, it should be
appreciated that according to other embodiments, the sync
message may be sent apart from the discovery message. For
example, in some aspects, the sync message may be a separate
message or may be a part of another message other than the
discovery message.

FIG. 4B is a flowchart of a method 4005 for transmitting
and receiving a synchronization frame in accordance with an
embodiment. In one aspect, according to the method 40056 of
FIG. 4B, sync frames are only sent by a certain number of
nodes within a NAN for any one discovery period. At decision
block 4025, it is determined whether a sync frame is prepared
for transmission for the discovery interval using a probability
value P_sync. Stated another way, the STA 106 may deter-
mine whether to prepare a sync frame for transmission based
on a probability value. For example, in some cases the prob-
ability value may be on the order of 1 such that the STA 106
prepares the sync frame for transmission for every discovery
period. Alternatively, according to another embodiment, the
probability may be on the order of, for example, 0.3 such that
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the STA 106 only prepares a sync frame for transmission
during a discovery interval approximately every third discov-
ery period. This can be done pseudo-randomly such that
different STAs prepare sync frames for transmission during
different discovery periods. In this way, sync frames may be
transmitted in all discovery periods but not by each STA in
each discovery period. In addition, the value of P_sync may
be changed or adapted during operation. For example, the
value of P_sync may be changed or adapted according to the
number of STAs in the network, or the number of STAs
nearby to an originating STA 106. For example, the value of
P_sync may be reduced as the number of STAs in the neigh-
borhood of the transmitting STA 106 increases, while in a
network with fewer STAs, it may be beneficial to use a higher
P_sync value. If it determined at block 4025 not to prepare the
sync frame, then at block 4185, the STA 106 may listen for
time values from other STAs, such as those contained within
sync frames transmitted by other STAs, and the STA may
update its own time value based on received time values as
necessary to be synchronized.

If a STA decides to prepare a sync frame based on the
probability P_sync, then at block 4045, a sync frame is pre-
pared for transmission. The sync frame may include a time
stamp of the STA 106 as described above. In addition, the
sync frame may include a network identifier that identifiers
the NAN or “social Wi-Fi” network in which the STA 106 is
participating. For example, the unique network identifier may
be randomly generated when the network is first established
between the STAs and may remain the same during the life-
time of the network. A STA 106 receiving a sync frame with
a network identifier may only perform an update of a time
value based on a received time value if the network identifier
received matches the network identifier of the network that
the STA 106 is currently participating within. That is, a STA
may decide to only update its clock based on messages
received from other devices that are on the same network. At
block 4065, the STA 106 may begin a contention procedure
for transmitting the sync frame during the discovery interval.
However, in some cases before the contention procedures
allows for the STA 106 to transmit the sync frame, a sync
frame may be received from another STA (e.g., STA 1065)
during the discovery interval. As such, at decision block 4085,
it is determined whether a sync frame is received from
another STA 1065 during the discovery interval. If a sync
frame was received from another STA 1065, then at block
4105, transmission of the sync frame by the STA 106 is
canceled. The received time stamp from STA 1065 may then
be used to potentially update the time of the STA 106 accord-
ing to one or more criteria as described in the embodiments
below. One potential criteria is shown in at decision block
412b where the STA 106 determines if the received time
stamp is greater than a current time of the STA 106. If, the
received timestamp is greater than the current time stamp of
the STA 106, the STA 106 adopts the received time stamp for
use in determining when to transmit and receive as shown in
block 4145. Otherwise, the current time stamp ofthe STA 106
is not adopted. In another embodiment, the STA 106 may
update its time value to the maximum of all received time
stamps or otherwise provided by anyone or a combination of
the embodiments described below. The timestamp of'the STA
106 may not count in determining the maximum. This may
ensure that a STA 106 that has a faster drift and has not
transmitted its sync frame keeps its clock in sync. In some
embodiments, the STA 106 may update its time value to the
minimum of all received time stamps. This may be done in a
manner similar to the manner discussed below with respect to
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using the maximum received time, but may use a minimum
(slowest) received time value instead of a maximum (fastest)
received time value.

If by decision block 4085, a sync frame is not received
from another STA 1065 during the discovery interval, at block
4165, the prepared sync frame is transmitted by the STA 106.

The criteria for updating a current time value of a STA 106
based on received time value from another STA 1065 may
further depend on the received signal strength indication
(RSSI) ofthe STA 106. For example, based on the RSSI ofthe
STA 106, even where a STA 106 receives a sync frame, it may
nonetheless proceed with transmitting a sync frame it has
prepared.

For example, FIG. 4C is a flowchart of a method for syn-
chronization that is based on a received signal strength indi-
cation. Blocks, 402¢, 404c¢, and 406¢ correspond to blocks
4025, 4045, 4065 and 4085 of FIG. 4B. If at block 406¢ it is
determined that a sync frame is received from another STA
1064, then the current STA 106 timestamp may be updated as
shown in blocks 408¢ and 410c¢, or based on other criteria, as
described above with respect to blocks 4105 and 4126 of FIG.
4B. In addition, if at block 406c¢ it is determined that a sync
frame is received from another STA 1065, then at decision
block 412c¢ is it determined whether an RSSI of the STA 106
is above some threshold. The threshold may be known previ-
ously to the STA 106 as established by a pre-configured value.
If the RSSTis above a threshold, then at block 414c, the sync
frame transmission is canceled. However, if the RSSI of the
STA 106 is less than the threshold as determined in decision
block 412¢, then the prepare sync frame is transmitted as
shown in block 416¢. As such, although a sync frame was
received, in some cases the STA 106 nonetheless transmits a
prepared sync frame. If no sync frame is received as deter-
mined in block 406¢, then at block 416¢ the sync frame is
transmitted similar to that described above with reference to
FIG. 4B.

It should be appreciated that the RSSI threshold described
above with reference to block 412¢ may be adaptive and
based on different conditions. For example, the sync frame
received from the other STA 1065 may include an RSSI
threshold that indicates that STAs that see the sync frame at
that threshold would attempt to send their own sync frames.
This allows adaptation based on RSSIs of neighbors in the
NAN. For example, block 412¢ may determine whether the
RSSI of the STA 106 is greater than an RSSI threshold
received from the sync frame. As a further adaptation, in
contrast to comparing the RSSI of the STA 106 to just one
received RSSI threshold, the STA 106 may compare its RSSI
with RSSI threshold received in multiple sync frames from
multiple different STAs. For example, block 412 may deter-
mine whether the RSSI of the STA 106 is greater than the
RSSI thresholds in all sync frames received and cancel the
current sync frame transmission only if the RSST of the STA
106 is greater than all received RSSI thresholds.

The criteria for updating the current clock value based on
received sync frames may be based on a variety of criteria as
is further described in the embodiments below. For example,
as will be further described below, excessive drift may be
detected. For example a STA 106 may filter out received clock
values that indicate excessive drift before using the values
obtained to update its own clock. The drift threshold for
which clocks are filtered out may be based on a pre-deter-
mined maximum allowed clock drift. In other embodiment,
the threshold may be dynamically determined.

In addition, a new STA 106¢ that arrives into a network
such as a NAN may have a timestamp that is significantly
different from the current time used throughout the network
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for synchronization of, for example, discovery intervals and
periods. As such, in accordance with an embodiment, a dis-
covery packet of the new STA 106¢ may include a timestamp
based on a condition that if the STA 106¢ has received a
timestamp from another STA 106 that is already in the NAN.
In one aspect, all zeros in the time stamp field may be used as
aNULL indication. In another aspect, an additional field may
be included, for example in the discovery message, that indi-
cates that a time stamp is present or can be used for synchro-
nization.

Each of the STAs may evaluate the current time values of
the clock signals received from the other STAs and adjust the
time value of its clock signal to the maximum of the time
values observed if its own clock has a lesser value. In other
words, where T(X) defines the time value of a clock signal of
a STA X, and where T_max defines a maximum time value of
the time values received from other STAs, then:

T(X)=T_max, if 7(X)<7_max Equation 1

In some cases, setting the current time value of a clock
signal of a STA 106 according to Equation 1, may result in
setting the time value to an erroneous value that may disrupt
the discovery packet transmission cycle. For example, STAY
may have a fast clock and may not update its clock as the
clocks of other devices are of a lesser value than its own clock.
Furthermore, STA A may not have transmitted a discovery
packet with its fast clock value for a long period of time (e.g.,
as compared to average periods for transmitting a discovery
packet with a clock value). In this case, when STAY transmits
amessage with its fast clock value, the value may be far ahead
of the current value of a receiving STA Z and the discovery
packet transmission cycle may be disrupted with STA Z, for
example, missing the discovery interval 302a. As such, it may
be desirable to use different methods for synchronizing STAs
in a peer-to-peer network.

According to some embodiments, rather than immediately
setting the current time value to the maximum of the received
time values, the STA 106 may perform some analysis of the
received time values. For example, if the maximum time is
significantly ahead and of the current time value of the STA
106, the STA 106 may either not adjust its current time value
or make some other adjustment according to other data
derived from the one or more received messages, or the STA
106 may wait for further messages before updating.

FIG. 5 is a flowchart of a method 500 of synchronizing a
wireless communications device, in accordance with an
embodiment. Although the method 500 is described below
with respect to the elements of the wireless device 202, those
having ordinary skill in the art will appreciate that other
components may be used to implement one or more of the
blocks described herein. At block 502, one or more messages
may be received including one or more received time values.
For example a receiver 212 of a STA 106 may receive one or
more messages including received time values from other
STAs in the network. At block 504, a maximum time value of
at least a portion of the received time values may be deter-
mined. For example, a processor 204 determines the maxi-
mum time value that may correspond to the time value that is
the farthest ahead in time of at least some portion of the
received time values. At block 506, a current time value is
updated to a value derived from the received time values if a
magnitude of the difference between the current time value
and the maximum received time value is greater than a thresh-
old. Stated another way, the processor 204 may update the
time value to a value derived from the one or more received
time values in response to determining that a magnitude of the
difference between the current time value of that STA 106 and
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the maximum received time value is greater than a threshold.
For example, the processor 204 may update the current time
value (e.g., of a clock 224) to the derived time value if the
magnitude of the difference as compared to the maximum
received time value is greater than a threshold. In some
embodiments, the value may correspond to difterent methods
for comparing the current time value with the maximum time
value. The derived time value may be determined in a variety
of ways. For example, the derived time value may be the
maximum received time value as determined in block 504.
Furthermore, the derived time value may correspond to the
average of the received time values.

For example, where T(X) defines the time value of a clock
signal ofa STA X, and where T_max defines a maximum time
value of the time values received from other STAs, then:

T(X)=T_max, if |T(X)-T_max|>Threshold Equation 2

As such, in Equation 2, T_max may be the derived time
value. The threshold may correspond to, for example a value
that may result in disturbing the discovery process. It should
be appreciated that other comparisons may be used to deter-
mine when to set the current time value to the maximum
received time value.

FIG. 6 is a functional block diagram of an exemplary
wireless communication device 600 that may be employed
with the wireless communication system of FIG. 1A or FIG.
1B. The wireless device 600 may include a receiving module
602. The receiving module 602 may the receiver 212, trans-
ceiver 214, and/or memory 206. In one aspect, means for
receiving may include the receiving module 602. The receiv-
ing module 602 may be configured to perform one or more of
the functions described above with respect to block 502 of
FIG. 5. The wireless device 600 may further include a deter-
mining module 604. The determining module 604 may
include the processor 204 and/or memory 206 of FIG. 2. In
one aspect, means for determining may include the determin-
ing module 604. The determining module 604 may be con-
figured to perform one or more of the functions described
above withrespectto block 504 of F1G. 5. The wireless device
600 may include an updating module 606. The updating mod-
ule 606 may further include a processor 204 as shown in FI1G.
2. In one aspect, means for updating may include the updating
module 606. The updating module 606 may be configured to
perform one or more of the functions described above with
reference to block 506 of FIG. 5.

In addition to comparing the maximum received time value
with the current time value before updating, an amount of
excessive drift may be determined to determine when to
update. FIG. 7 is a flowchart of another method 700 of syn-
chronizing a wireless communications device, in accordance
with an embodiment. Although the method 700 is described
below with respect to the elements of the wireless device 202,
those having ordinary skill in the art will appreciate that other
components may be used to implement one or more of the
blocks described herein.

As described above with reference to FIG. 5, blocks 702
and 704 correspond to blocks 502 and 504 of FIG. 5. At block
706, an amount of clock drift is determined based on the
current time value of a STA 106 as compared to the maximum
received time value. For example, a processor 204 may be
configured to determine the amount of clock drift. At block
708, the current time value is updated to a value derived from
the one or more received time values if a magnitude of the
difference between the current time value and the maximum
received time value is greater than a threshold (as described
above with reference to FIGS. 5-6) and the clock drift is less
than a threshold. The drift may be determined with respect to
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a time interval between the last time the clock signal was
updated and the current time. For example, according to an
embodiment, where T(X) defines the time value of a clock
signal of a STA X, where T_max defines a maximum time
value of the time values received from other STAs, and where
T,,10ervar defines the interval between the last time the clock
was updated and the current time then:

T(X) = Ty if |T(X) = T_max| > Equation 3

|T(X)-T_max

Tinservat

Threshold and < Drift Threshold

It should be appreciated that T(X) may be set to some value
derived from the one or more received time values in Equation
three, as described above with reference to FIG. 5. In this way,
the STA 106 may detect, for example if the clock drifts by
more than 1 or 2% that there is a rogue clock value and the
STA 106 should wait to update the current clock value or use
some other time value for the update. Stated another way, in
addition to the conditions described above with reference to
FIG. 5, updating may be further in response to determining
that a ratio of the difference between the maximum time value
and the current time value to some drift time interval is less
than a threshold.

FIG. 8 is a functional block diagram of an exemplary
wireless communication device 800 that may be employed
with the wireless communication system of FIG. 1A or FIG.
1B. The wireless device 800 may include a receiving module
802. The receiving module 802 may the receiver 212, trans-
ceiver 214, and/or memory 206. In one aspect, means for
receiving may include the receiving module 802. The receiv-
ing module 802 may be configured to perform one or more of
the functions described above with respect to block 702 of
FIGS. 7. The wireless device 800 may further include a deter-
mining module 804. The determining module 804 may
include the processor 204 and/or memory 206 of FIG. 2. In
one aspect, means for determining may include the determin-
ing module 804. The determining module 804 may be con-
figured to perform one or more of the functions described
above withrespectto block 704 of FIG. 7. The wireless device
800 may include a drift determining module 808. In one
aspect, the drift determining module 808 may include the
processor 204 of FIG. 2. In one aspect, a means for determin-
ing drift may include the drift determining module. The drift
determining module may be configured to perform one or
more of the functions described above with reference to block
706 of FI1G. 7. The wireless device 800 may include an updat-
ing module 806. The updating module 806 may further
include a processor 204 as shown in FIG. 2. In one aspect,
means for updating may include the updating module 806.
The updating module 806 may be configured to perform one
or more of the functions described above with reference to
block 708 of FIG. 7.

In further embodiments, before determining the maximum
time value, the STA 106 may filter the received time values to
detect erroneous or otherwise less accurate time values. The
filtered out time values may correspond to time values that, if
used by the STA 106, would disrupt a discovery process, for
example. For example, as described above, the maximum
time value may be determined from just a portion of the one
or more received time values, where the portion corresponds
to time values not filtered out.

FIG. 9 is a flowchart of another method of synchronizing a
wireless communications device, in accordance with an
embodiment. Although the method 900 is described below
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with respect to the elements of the wireless device 202, those
having ordinary skill in the art will appreciate that other
components may be used to implement one or more of the
blocks described herein.

At block 902, the STA 106 may receive one or more mes-
sages including one or more received time values of other
STAs in the network. At block 904, one or more of the
received time values is filtered out. For example, the filtered
out time values may correspond to time values whose drift as
compared to the current time value is greater than a threshold.
A processor 204 may be configured to filter the time values.
At block 906, a maximum time value of the filtered received
time values is determined. A processor 204 may further deter-
mine the maximum received time value. At block 908, a
current time value is updated to a value derived from the
received time values if a magnitude of the difference between
the current time value and the maximum received time value
is greater than a threshold. The derived value may correspond
to the values described above with reference to FIG. 5. In
some aspects, the current time value may be compared to the
derived value, such as determining a magnitude of the differ-
ence between the current time value and the derived time
value.

As an example, the STA 106 may filter out time values that
have excessive drift. For example, according to an embodi-
ment, where T(X) defines the time value of a clock signal of
a STA X, where T,,,,.,,.,; defines the interval between the last
time the clock was updated and the current time, and where
T(),1=1 .....N defines clock values of devices that have been
received then:

T_max = maximum (T(X), T(i) foralli=1... N, Equation 4

[T(X) - T

such that < Drift Threshold

interval

The drift threshold may be based on a maximum allowed
clock drift tolerance that may be dynamically determined or
predetermined. As such, T_max is the maximum of only those
received time values that have not drifted as compared to the
current time value more than a certain amount. Using the new
filtered value of T_max:

T(X)=T_max, if |T(X)-T_max|>Threshold Equation 5

It should be appreciated that T(X) may be set to a value
derived from the received time values according to Equation
5 as described above with reference to FIG. 5. Filtering may
further be accomplished in other ways. For example, as is
further described below, the received time values from other
STAs may be received along with information relating to the
accuracy of the received time values. Some value may be
transmitted that might indicate the confidence or accuracy of
the time value. For example, if the received time value corre-
sponds to a STA 106 that has not updated its time value for a
significant amount of time, the received time value may be
received information indicating that the received time value is
not as accurate. In one aspect, GPS information may be
included. This information may be used to rank or prioritize
the received time values according to predicted accuracy. As
such, filtering may take this information into account.

FIG. 10 is a flowchart of another method of synchronizing
a wireless communications device, in accordance with an
embodiment. Although the method 1000 is described below
with respect to the elements of the wireless device 202, those
having ordinary skill in the art will appreciate that other
components may be used to implement one or more of the
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blocks described herein. At block 1002, a STA 106 receives
one or more messages including one or more received time
values and information about the one or more received time
values. At block 1004, one or more ofthe received time values
may be filtered out based on the information received about
the one or more time values. As described above the informa-
tion may relate to the accuracy or confidence that the received
time value could be used to update a current time value of the
STA 106. AT block 1006, a maximum time value is deter-
mined of the filtered received time values. At block 1008, the
current time value is updated to a value derived from the
received time values if a magnitude of the difference between
the current time value and the maximum received time value
is greater than a threshold.

In addition, filtering may be done using statistical analysis
of'the received time intervals. For example, the received time
intervals may be mapped into a histogram or other similar
construct. The histogram or other statistical construct may
then be analyzed by the processor 204 to filter out different
time intervals based on some criteria. For example, those
received values that are further than one or two standard
deviations, for example, from a mean of the received time
values may not be used in the update process. Other statistical
analysis is further contemplated to filter the time values.

FIG. 11 is a functional block diagram of an exemplary
wireless communication device 1100 that may be employed
with the wireless communication system of FIG. 1A or FIG.
1B. The wireless device 1100 may include a receiving module
1102. Thereceiving module 1102 may the receiver 212, trans-
ceiver 214, and/or memory 206. In one aspect, means for
receiving may include the receiving module 1102. The
receiving module 1102 may be configured to perform one or
more of the functions described above with respect to blocks
902 or 1002 of FIGS. 9 and 10. The wireless device 1100 may
further include a filtering module 1108. A processor 204 and
memory may be included in the filtering module 1108. In one
aspect, means for filtering may include the filtering module
1108. The filtering module 1108 may be configured to per-
form one or more of the functions described with reference to
blocks 904 or 1004 of FIGS. 9 and 10. The wireless device
1100 may further include a determining module 1104. The
determining module 1104 may include the processor 204
and/or memory 206 of FIG. 2. In one aspect, means for
determining may include the determining module 1104. The
determining module 1104 may be configured to perform one
or more of the functions described above with respect to
blocks 906 or 1006 of FIGS. 9 and 10. The wireless device
1100 may include an updating module 1106. The updating
module 1106 may further include a processor 204 as shown in
FIG. 2. In one aspect, means for updating may include the
updating module 1106. The updating module 1106 may be
configured to perform one or more of the functions described
above with reference to blocks 908 or 1008 of FIGS. 9 and 10.

In addition to further analysis of received time values, a
STA 106 may further take certain actions when transmitting
time values to aid in synchronization. For example, the STA
106 may be configured to transmit its time value only if
certain conditions are met, or may wish to transmit informa-
tion relating to the accuracy of the time interval transmitted
by the STA 106. FIG. 12 is a flowchart of another method of
synchronizing a wireless communications device, in accor-
dance with an embodiment. Although the method 1200 is
described below with respect to the elements of the wireless
device 202, those having ordinary skill in the art will appre-
ciate that other components may be used to implement one or
more of the blocks described herein.
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Atblock 1202, a first time interval since last transmitting a
message including a current time value is determined. This
may correspond to a STA 106 that has not sent out its time
information for a significant amount of time (e.g., one hun-
dred seconds). At block 1204, a second time interval since
updating the current time value may be determined. For
example, this may correspond to a STA 106 that has not
updated its time value for a significant amount of time (e.g.,
because the STA 106 was sleeping and more clock drift may
occur). At block 1206, a message may be transmitted that is
based on comparing the first time interval to a first threshold
and comparing the second time interval to a second threshold.

For example, in one embodiment, the STA 106 may not
include its own clock in a discovery packet if it has not sent
out its time information according to some threshold or if it
has not updated its time based on other received time inter-
vals. In another embodiment, the STA 106 might send infor-
mation relating to the accuracy of the time interval that might
indicate how accurate the time interval is for purposes of
synchronization. For example, in one embodiment, a STA
106 may include a bit in the discovery packet that indicates
that the clock time transmitted may not be used for synchro-
nization purposes.

FIG. 13 illustrates a message 1300 that may include a time
value 1310 for synchronization. The message 1300 may cor-
respond to a discovery packet in some implementations. The
message 1300 may include header information 1308. The
message 1300 may include a time value 1310 corresponding
to a current time value of a clock signal (e.g., a timestamp). In
addition the message 1300 may include time value informa-
tion 1310 that may relate to the accuracy of the time value or
how it might be used in synchronization. The message 1300
may further include discovery packet data 1312.

FIG. 14 is a functional block diagram of an exemplary
wireless communication device that may be employed with
the wireless communication system of FIG. 1A or FIG. 1B.
The wireless device 1400 may include a determining module
1404. In one aspect, the determining module 1404 may
include a processor. In one aspect, means for determining
may include the determining module 1404. The determining
module 1404 may be configured to perform one or more of the
functions described above with reference to blocks 1202 and
1204 of FIG. 12. The wireless device 1400 may include a
transmitting module 1402. The receiving module 1402 may
the transmitter 210, transceiver 214, and/or memory 206. In
one aspect, means for transmitting may include the transmit-
ting module 1402. The receiving module 1402 may be con-
figured to perform one or more of the functions described
above with respect to block 1206 of FIG. 12.

FIG. 15 is a plot showing exemplary values for how much
time may be needed to join a NAN network based on different
sync frame probabilities. For example, as a non-limiting
example, there may be fifty STAs in the NAN spread outina
400%x400 area. As one example, each STA 106 may have a
transmission range of 80 meters (e.g., for example based on
mobile transmit power 18 dBm with a 5 dB noise figure for
one channel model ad 8 dB additional pathloss. In this sce-
nario, fifty new devices may want to join and they each need
to hear at least one sync frame. FIG. 15 shows exemplary
times for joining the network for three different exemplary
P_sync values, 1.0, 0.5, and 0.2. As shown, even with P_sync
equal to 0.2, in an exemplary case over ninety percent of the
new devices obtain a sync frame within five discovery peri-
ods.

It should be understood that any reference to an element
herein using a designation such as “first,” “second,” and so
forth does not generally limit the quantity or order of those
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elements. Rather, these designations may be used herein as a
convenient method of distinguishing between two or more
elements or instances of an element. Thus, a reference to first
and second elements does not mean that only two elements
may be employed there or that the first element must precede
the second element in some manner. Also, unless stated oth-
erwise a set of elements may include one or more elements.

A person/one having ordinary skill in the art would under-
stand that information and signals may be represented using
any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

A person/one having ordinary skill in the art would further
appreciate that any of the various illustrative logical blocks,
modules, processors, means, circuits, and algorithm steps
described in connection with the aspects disclosed herein
may be implemented as electronic hardware (e.g., a digital
implementation, an analog implementation, or a combination
of the two, which may be designed using source coding or
some other technique), various forms of program or design
code incorporating instructions (which may be referred to
herein, for convenience, as “software” or a “software mod-
ule), or combinations of both. To clearly illustrate this inter-
changeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the aspects disclosed
herein and in connection with FIGS. 1-11 may be imple-
mented within or performed by an integrated circuit (IC), an
access terminal, or an access point. The IC may include a
general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components,
mechanical components, or any combination thereof
designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC, outside
of the IC, or both. The logical blocks, modules, and circuits
may include antennas and/or transceivers to communicate
with various components within the network or within the
device. A general purpose processor may be a microproces-
sor, but in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any
other such configuration. The functionality of the modules
may be implemented in some other manner as taught herein.
The functionality described herein (e.g., with regard to one or
more of the accompanying figures) may correspond in some
aspects to similarly designated “means for” functionality in
the appended claims.

Ifimplemented in software, the functions may be stored on
or transmitted over as one or more instructions or code on a
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computer-readable medium. The steps of a method or algo-
rithm disclosed herein may be implemented in a processor-
executable software module which may reside on a computer-
readable medium. Computer-readable media includes both
computer storage media and communication media including
any medium that can be enabled to transter a computer pro-
gram from one place to another. A storage media may be any
available media that may be accessed by a computer. By way
of example, and not limitation, such computer-readable
media may include RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that may be
used to store desired program code in the form of instructions
or data structures and that may be accessed by a computer.
Also, any connection can be properly termed a computer-
readable medium. Disk and disc, as used herein, includes
compact disc (CD), laser disc, optical disc, digital versatile
disc (DVD), floppy disk, and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers. Combinations of the above should also be
included within the scope of computer-readable media. Addi-
tionally, the operations of a method or algorithm may reside
as one or any combination or set of codes and instructions on
amachine readable medium and computer-readable medium,
which may be incorporated into a computer program product.

Itis understood that any specific order or hierarchy of steps
in any disclosed process is an example of a sample approach.
Based upon design preferences, it is understood that the spe-
cific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present
disclosure. The accompanying method claims present ele-
ments of the various steps in a sample order, and are not meant
to be limited to the specific order or hierarchy presented.

Various modifications to the implementations described in
this disclosure may be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied
to other implementations without departing from the spirit or
scope of this disclosure. Thus, the disclosure is not intended
to be limited to the implementations shown herein, but is to be
accorded the widest scope consistent with the claims, the
principles and the novel features disclosed herein. The word
“exemplary” is used exclusively herein to mean “serving as
an example, instance, or illustration.” Any implementation
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other implementa-
tions.

Certain features that are described in this specification in
the context of separate implementations also can be imple-
mented in combination in a single implementation. Con-
versely, various features that are described in the context of a
single implementation also can be implemented in multiple
implementations separately or in any suitable sub-combina-
tion. Moreover, although features may be described above as
acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can in
some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or varia-
tion of a sub-combination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the implementations described above should not be
understood as requiring such separation in all implementa-
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tions, and it should be understood that the described program
components and systems can generally be integrated together
in a single software product or packaged into multiple soft-
ware products. Additionally, other implementations are
within the scope of the following claims. In some cases, the
actions recited in the claims can be performed in a different
order and still achieve desirable results.

What is claimed is:

1. A method for synchronizing a wireless communication
apparatus, the method comprising:

receiving, at the wireless communication apparatus, one or

more messages including one or more received time
values; and

updating a time value of a clock signal of the wireless

communication apparatus to a value derived from the
received time values in response to determining that a
magnitude of a difference between the time value and
the derived value is greater than a first threshold and that
a ratio of the magnitude of the difference to a time
interval is less than a second threshold.

2. The method of claim 1, wherein the derived value com-
prises an average of the one or more received time values.

3. The method of claim 1, wherein the derived value com-
prises a maximum received time value.

4. The method of claim 1, wherein the derived value com-
prises a minimum received time value.

5. The method of claim 1, wherein the time interval is
defined by a time when the time value was previously updated
and a current time value.

6. The method of claim 1, wherein the threshold is a first
threshold, and wherein updating the time value of the clock
signal of the wireless communication apparatus is further in
response to determining that the magnitude of the difference
is greater than the first threshold and an amount of drift of the
derived time value during a time interval is less than a drift
threshold.

7. The method of claim 1, further comprising filtering the
received time values to determine the derived time value,
wherein filtering comprises including, in the at least a portion
of the one or more received time values, only received time
values whose drift from the time value of the wireless com-
munications apparatus is less than a drift threshold.

8. The method of claim 1, further comprising filtering the
received time values to determine the derived time value,
wherein filtering comprises including, in the at least a portion
of the one or more received time values, only received time
values with differences between the time value divided by a
time interval is less than a drift threshold.

9. The method of claim 1, further comprising filtering the
received time values to determine the derived time value,
wherein filtering comprises including, in the at least a portion
of the one or more received time values, only received time
values with a deviation from a mean time value computed
from the received time values and the time value is less than
a drift threshold.
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10. The method of claim 1, wherein the one or more mes-
sages comprise information relating to accuracy levels of the
one or more received time values, wherein the method further
comprises filtering the received time values to determine the
derived time values based at least in part on the information
relating to the accuracy levels.

11. The method of claim 1, further comprising synchroniz-
ing transmitting and receiving wireless communications
based on the time value.

12. The method of claim 1, wherein the wireless commu-
nication apparatus is configured to transmit and receive wire-
less communications according to a protocol based on an
802.11 protocol.

13. The method of claim 1, wherein the one or more mes-
sages is a discovery message configured to advertise one or
more services to the wireless communication apparatus.

14. A wireless apparatus operable in a wireless communi-
cation system comprising:

a receiver configured to receive one or more messages

including one or more received time values; and

a processor configured to update a time value of a clock

signal of the wireless communication apparatus to a
value derived from the received time values in response
to determining that a magnitude of a difference between
the time value and the derived time value is greater than
a first threshold and that a ratio of the magnitude of the
difference to a time interval is less than a second thresh-
old.

15. A wireless apparatus operable in a wireless communi-
cation system comprising:

means for receiving one or more messages including one or

more received time values; and

means for updating a time value of a clock signal of the

wireless communication apparatus to a value derived
from the received time values in response to determining
that a magnitude of a difference between the time value
and the derived time value is greater than a first threshold
and that a ratio of the magnitude of the difference to a
time interval is less than a second threshold.

16. A computer program product, comprising:

a non-transitory computer readable medium comprising:

code for receiving one or more messages including one
or more received time values; and

code for updating a time value of a clock signal of the
wireless communication apparatus to a value derived
from the received time values in response to determin-
ing that a magnitude of a difference between the time
value and the derived time value is greater than a first
threshold and that a ratio of the magnitude of the
difference to a time interval is less than a second
threshold.



